Introduction {#S0001}
============

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired hemolytic anemia resulting from a somatic mutation in the *PIG-A* gene in the hematopoietic stem cells.[@CIT0001] Manifestations include hemolytic anemia, bone marrow failure, and thrombosis.[@CIT0002]--[@CIT0005] PNH is a very rare disease with prevalence of about 16 per million people,[@CIT0006] and it can present at any age but mainly occurs in young adults, with the median age at diagnosis being 34.[@CIT0005]--[@CIT0007]

Prior to 2007, treatment options for PNH were primarily supportive, including blood transfusion, erythropoiesis-stimulating agents, corticosteroids, anabolic steroids, iron therapy, thrombosis prophylaxis, and sometimes thrombolytic therapy or allogenic bone marrow transplantation.[@CIT0008],[@CIT0009] In 2007, eculizumab was approved for the treatment of patients with PNH by the United States Food and Drug Administration (FDA) and by the European Medicines Agency.[@CIT0008],[@CIT0010] Eculizumab is a humanized monoclonal antibody directed against the terminal complement protein C5, which blocks the formation of the membrane attack complex (C5--9) and protects red blood cells from complement-mediated intravascular hemolysis in patients with PNH.[@CIT0009],[@CIT0011] It has been shown to reduce or eliminate the need for blood transfusion, decrease the incidence of thrombosis, improve anemia, reduce fatigue, and improve quality of life (QOL).[@CIT0001],[@CIT0010],[@CIT0012] Before the development of eculizumab, the median survival in patients with PNH was 10 to 15 years from the time of diagnosis;[@CIT0006] with the use of eculizumab, the overall survival of PNH patients has improved significantly, approaching that of the general population. However, eculizumab dosing may be burdensome to patients. Eculizumab is administered intravenously every 7 days for the first 5 weeks and then biweekly thereafter.[@CIT0001],[@CIT0008],[@CIT0013] Given that PNH is a chronic disease, eculizumab's frequent dosing regimen may impact patients' quality of life and influence treatment compliance.

Ravulizumab, a novel complement inhibitor that provides immediate, complete, and sustained C5 inhibition with 8-week dosing intervals, was approved by the FDA in December 2018 for the treatment of PNH, and has since been approved for use in both Japan and the European Union.[@CIT0014],[@CIT0015] Ravulizumab has demonstrated noninferiority compared with eculizumab on all primary and key secondary efficacy endpoints, including fatigue, in both complement-naive and --experienced patients with PNH.[@CIT0016],[@CIT0017] Given that there are now multiple approved medications for the treatment of PNH in some regions, patient treatment preferences and treatment burden are important to assess. Thus, we aimed to develop a treatment preference questionnaire for patients with PNH suitable for use in clinical studies.

Methods {#S0002}
=======

All study procedures in the 302s sub-study were approved by the Northwestern University Institutional Review Board and were performed in compliance with relevant laws and institutional guidelines. Multiple sources of data were used to develop the PNH treatment preference questionnaire, as shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1Approach used to develop the PNH-PPQ.

Literature Review {#S0002-S2001}
-----------------

A targeted literature review was conducted in 2017 to investigate 1) PNH patients' experiences with eculizumab, 2) factors that influence drug and dosing interval preferences for patients undergoing therapy for chronic conditions, and 3) existing measures of patient treatment preferences.

Delphi Survey of Expert Clinicians {#S0002-S2002}
----------------------------------

We used a modified Delphi Technique to obtain health care provider PNH treatment preferences, the factors that shape preferences, and provider views of patient preferences.[@CIT0018] Alexion identified 34 English-speaking PNH clinical providers from North America, Europe, and Australia; all had experience treating patients with eculizumab, and the majority also had familiarity with ravulizumab via Alexion clinical trials. After Alexion contacted experts to introduce the Delphi survey to be conducted by Northwestern, the Northwestern team emailed each physician with an invitation to participate. Providers who agreed to participate received follow-up e-mails with survey links and reminders to complete the surveys, as needed. Our target sample size was a minimum of ten expert providers. Each expert completed two surveys and was compensated \$400USD for their time and effort.

Review of Existing Qualitative Data from PNH Patients {#S0002-S2003}
-----------------------------------------------------

In 2017, a team of qualitative researchers from Alexion conducted an ethnography (a human experience story) with 10 PNH patients about their eculizumab treatment experiences. The ethnography incorporated patient drawings, photos, quotations, and self-recorded videos in which patients described their experiences with eculizumab treatment. The study team obtained the de-identified ethnography PowerPoint slide deck (148 slides). Two qualitative researchers reviewed the slide deck and independently created a list of themes from the patient experiences, which provided preliminary insights into the eculizumab treatment experience that informed development of the patient interview guide.

Concept Elicitation Interviews {#S0002-S2004}
------------------------------

Individual telephone interviews were conducted with PNH patients. PNH patients were eligible to participate if they had previously or were currently receiving ravulizumab or eculizumab, could speak and read English, were at least 18 years old, and were able to provide informed consent. We recruited patients from a patient advocacy organization and a Canadian clinical site involved in Alexion clinical trial, ALXN1210-PNH-302. Our study team representative answered participants' questions about the study, confirmed eligibility, and scheduled individual phone interviews. Prior to their scheduled interview, eligible participants received the General Data Protection Regulation (GDPR) compliant consent form to review, sign, and return to Northwestern University. Interview participants received a \$125USD Visa gift card for their time and effort.

Interviews were conducted using a semi-structured interview guide developed from the literature and modeled after guides used in our prior work to develop patient-reported outcome (PRO) or decision-making tools.[@CIT0019]--[@CIT0022] The interviewer first obtained patient demographic information and treatment history, followed by open elicitation of the patient's views of the benefits and drawbacks of eculizumab and ravulizumab. Patients who had received both drugs were asked to explain which of the drugs they preferred. Finally, patients were asked to explain what aspects of treatment for PNH are most important to them. All interviews were audiotaped and transcribed.

Data Analysis {#S0002-S2005}
-------------

Data, including field notes and de-identified transcripts, were analyzed systematically to generate a list of patient themes related to eculizumab, ravulizumab, treatment preference, and treatment experiences.[@CIT0023] Next, we combined redundant themes and removed themes deemed irrelevant to PNH treatment preferences. Interview transcripts were reviewed to clarify themes and to extract exemplar patient quotes. We used a saturation grid to track themes as they emerged and determine when no new information was obtained.

Questionnaire Development {#S0002-S2006}
-------------------------

Drawing from all data sources, members of the study team who were experienced in PRO assessment and scale development drafted an exhaustive list of questions potentially relevant to PNH treatment preferences. If available, content was drawn from the Functional Assessment of Chronic Illness Therapy (FACIT) item library of approximately 750 items. Draft items were reviewed and refined in a series of team meetings. The draft questionnaire underwent translatability review[@CIT0024] to identify conceptual or linguistic issues that could impede translation or cross-cultural research; any identified issues were addressed prior to cognitive debriefing.

Cognitive Debriefing and Finalization of the Paroxysmal Nocturnal Hemoglobinuria Patient Preference Questionnaire (PNH-PPQ) {#S0002-S2007}
---------------------------------------------------------------------------------------------------------------------------

A subset of concept elicitation participants was invited to complete a cognitive interview of the draft measure. Our cognitive interviewing protocol, based on the work of Willis,[@CIT0025] ascertained comprehension of the question and response processes. For example, patients were asked to: 1) describe how they arrived at their answer; 2) restate items in their own words; 3) discuss the clarity of the item; and 4) indicate whether the question accurately reflected their experience. The cognitive interview also assessed clarity of instructions and response options. Interviews were audiotaped to ensure capture of all relevant information, and interviewers entered detailed interview notes into an Excel spreadsheet. We summarized patients' reports on comprehension and appropriateness of instructions, response options, and item content. Cognitive interview transcripts were reviewed for clarification. Items for which there was low comprehension were revised or removed, as appropriate.

Results {#S0003}
=======

Literature Review {#S0003-S2001}
-----------------

Eleven patient preference questionnaires that most closely aligned with the objectives of this project were identified from the literature;[@CIT0026]--[@CIT0036] however, none of them evaluated patient preference and dosing schedules in a manner suitable for our aims. After reviewing the literature and the 11 questionnaires, the following concepts were identified as potentially relevant to our measure: symptom relief; effectiveness; ease of use/convenience/bother; impact on daily life; and medication preference.

Delphi Interviews {#S0003-S2002}
-----------------

We invited 34 clinical experts to participate. From March to May 2018, 9 of 34 individuals from treatment centers across 3 continents participated in the Modified Delphi process. Of the 25 who did not participate, 22 did not respond to the invitation, 2 declined, and 1 was not responsive after initially agreeing to participate. The 9 participating clinical experts were hematologists with between 6 and 42 years of experience seeing PNH patients, and an average of 9 years of experience treating PNH patients with eculizumab. We identified the following 6 themes from clinician comments about factors driving PNH patient treatment preferences: efficacy, convenience, side effects, quality of life, cost, and medication safety. Efficacy and convenience received the highest total endorsements (n=9, 100% each), and efficacy and quality of life were the only themes identified as "Highest Priority" by clinicians.

Review of Existing Data {#S0003-S2003}
-----------------------

Ethnography participants (N=10) ranged in age from 29 to 55, were diagnosed 4 months to 12 years prior, and 40% received in-home infusions. The following themes were identified in the ethnography data slide deck: **Treatment efficacy/symptom relief.** Eculizumab gave patients their lives back and controlled their disease. The medication allowed some freedom from the mental burden of PNH. However, they desired the medication to be efficacious for a longer duration.**Treatment frequency.** Patients felt trapped in a never-ending 2-week cycle of treatment, which led to frustration and impacts on school, work, leisure time, and ability to travel.**Fatigue.** Fatigue was a significant part of their treatment cycle, with several patients describing feeling fatigue prior to and following infusion.**Missing out.** Because of treatment frequency and the limited number of days each treatment cycle when they felt good, many patients felt as if they were "missing out" on life. They felt guilty for not participating in social events and anxiety about missed work.**Treatment burden.** Patients described the burden of treatment, including planning for treatment, waiting for treatment, needle pricks, exposure to germs, loss of privacy, and anxiety.

Concept Elicitation Interviews {#S0003-S2004}
------------------------------

Interviews were completed with 8 patients. Of these, 2 patients had experience with eculizumab only, 4 patients had received eculizumab and ravulizumab as part of a clinical trial, and 2 patients had received ravulizumab only. Patient sociodemographic information is shown in [Table 1](#T0001){ref-type="table"}.Table 1Patient Concept Elicitation Sample (N=8)Patient CharacteristicMean age (range)44 (29--66)n (%)Sex Male3 (37.5) Female5 (62.5)Race/Ethnicity Caucasian7 (87.5) South Asian1 (12.5)Education Less than 6th form college (UK)1 (12.5) Graduate of 6th form college (UK)2 (25) University or advanced degree5 (62.5)Marital Status Currently married5 (62.5) Single (never married)3 (37.5)Employment Status Employed full time4 (50) Employed part time2 (25) Retired1 (12.5) Unemployed1 (12.5)Place of Treatment (Eculizumab) Administration (N=6) Home infusion3 (50) Clinic/hospital1 (16.67) Mix of home and clinic infusions2 (33.33)(average, range)Years since PNH diagnosis(9, 1--20)Number of years received eculizumab (N=6)(4, 1--8)Number of ravulizumab infusions received (N=6)(6, 4--10)[^1]

When asked, "What aspects of treatment for PNH are most important to you?" Patients noted a variety of factors including treatment efficacy, treatment frequency, quality of life, and symptom control ([Table 2](#T0002){ref-type="table"}). Quality of life and symptom control were mentioned most frequently as the most important aspect of treatment for patients. Although access and cost were mentioned by 2 patients as the most important aspects of treatment, they are not included as key treatment preference themes because these factors are equivalent across eculizumab and ravulizumab within a clinical trial setting. We extracted an initial list of 27 themes related to the PNH treatment experience from the concept elicitation interviews. After merging redundant categories, 6 themes were identified as most relevant to PNH patient treatment preference according to the frequency of mention and significance to patients. These themes are summarized in [Table 3](#T0003){ref-type="table"} and discussed in more detail below.Table 2Aspects of Treatment Most Important to PNH Patients (N=8)Important Aspects of Treatment for Patients (Number of Patients Endorsing Each Concept)^a^Most Important Aspect of Treatment (Number of Patients Endorsing Each Concept)^b^Quality of life (2)Quality of life (2)Symptom control (2)Symptom control (2)Treatment efficacy (2)Treatment efficacy (1)Treatment frequency (2)Treatment frequency (1)Access to medication (1)Access (1)Convenience (1)Cost (1)Cost of medication (1)Discomfort during treatment (1)Time required to get treatment, including travel (1)Side effects of treatment (1)Treatment setting (1)[^2][^3] Table 3Key Themes from the PNH Concept Elicitation InterviewsThemePatients from Concept Elicitation Sample Who Endorsed Theme, n (%)DefinitionDisease symptoms8 (100)PNH symptoms experienced; impact of symptoms on the patient's life; impact of treatment on symptomsQuality of life impact of treatment/disease7 (88)Overall QOL or specific QOL domains (physical, emotional, social, etc.) that are impacted by treatmentTreatment burden7 (88)Logistical issues related to treatment (e.g., burden of scheduling treatment, waiting for treatment); physical impacts (e.g., needle pricks); or emotional impacts (e.g., reminders of illness, feeling guilt for missing social activities, anxiety from missed work)Treatment frequency7 (88)Frequency of infusionsTreatment efficacy5 (63)Controlling the disease (e.g., managing lactate dehydrogenase levels and hemoglobin count; preventing thrombosis)Treatment side effects5 (63)Physical side effects of treatment[^4]

### Disease Symptoms {#S0003-S2004-S3001}

Every patient in our sample spontaneously described PNH symptoms such as dark urine, kidney failure, erectile dysfunction, jaundice, trouble breathing, fatigue, and headaches. Symptoms were often debilitating and negatively impacted patients' quality of life. Symptom control was mentioned by 2 patients as the most important aspect of treatment for PNH ([Table 2](#T0002){ref-type="table"}). Our data on symptom burden complement the ethnography data, in which patients emphasized the debilitating impact of PNH symptoms, particularly fatigue prior to treatment. "Probably the two days before (treatment), my bones feel empty. I'm exhausted, totally exhausted and fatigued. (Patient 002, eculizumab)""Well, that (symptom reduction) really is the major thing. I mean, obviously my hemoglobin was very, very low. I was jaundiced constantly. I had trouble breathing; I had trouble doing most things. Eculizumab, as I said, it gave me my life back. It was wonderful just to feel normal again. (Patient 003, eculizumab and ravulizumab)"

### Quality of Life Impact of Treatment/Disease {#S0003-S2004-S3002}

Quality of life was among the most important aspects of PNH treatment cited by patients ([Table 3](#T0003){ref-type="table"}). Patients expressed gratitude for treatment that positively affected their quality of life, while also noting how the disease or treatment negatively impacted their quality of life. "I'm a mother to a small child and I have parents who are now quite elderly ... So, I want to be ideally in a situation where I can forget that I have a chronic illness and function as normally as possible. That's the ultimate goal---quality of life. (Patient 001, eculizumab and ravulizumab)""(The most important factor for my drug decision) has to be quality of life ... that has to be the top, because without quality of life, you can't really live your life or it makes it difficult to. (Patient 004, eculizumab and ravulizumab)"

### Treatment Frequency {#S0003-S2004-S3003}

Five patients reported eculizumab's two-week treatment schedule was a significant burden. Patients who had received eculizumab prior to receiving ravulizumab unanimously preferred the longer dosing interval of ravulizumab. These patients enthusiastically described the positive impact of ravulizumab dosing upon their lives. For example, ravulizumab allowed them to feel independent, plan future activities, and travel. "That for me is a major plus as well, the fact that it's now every eight weeks. So, it's almost like forgetting that I've got a condition because it's much, much better for me. (Patient 003, eculizumab and ravulizumab)""... it was a seamless transition (from eculizumab to ravulizumab) for me ... Probably the biggest difference for me is it went from two weeks to once every two months. I've got a much greater independence (now). I'm able to, you know, plan things more in advance, whereas with Soliris (eculizumab), you know, I couldn't go away for more than two weeks because I was essentially chained to the system, to the health system. (Patient 005, eculizumab and ravulizumab)"

### Treatment Burden {#S0003-S2004-S3004}

Patients in our sample and in the ethnography sample described multiple ways in which treatment was a burden in their lives. Treatment burden could be physical, such as the exposure to needles, or logistical, such as the need to coordinate work schedules around treatment. Treatment also brought an emotional and psychological burden due to the anxiety some patients experienced leading up to treatment or the ways in which treatment reminded patients that they were living with a serious disease. The impact of frequent treatment on one's ability to take vacations or plan activities was a particularly salient burden among PNH patients. "... the actual therapy itself, it's not painful ... I think it's more the psychological idea that going every two weeks, it's like a constant reminder that you do have a severe illness. Going to the therapy room and seeing other patients, it's quite, I'd say, psychologically affecting. (Patient 006, eculizumab)""The downsides of it was the fact that obviously I was tied to weekly infusions. I had to almost build my life around having my infusions every two weeks ... That came first, so I couldn't plan times to go out during holiday are things like that. My life was planning around my infusions really. (Patient 003, eculizumab and ravulizumab)"

### Treatment Efficacy {#S0003-S2004-S3005}

Patients emphasized the importance of treatment as a means to save their lives. "I think the main positive (of treatment) was that it sort of saved my life really, because I know prior to eculizumab being licensed there was no kind of treatments other than having a bone marrow transplant, and the life expectancy was about ten years. So, I'd say definitely obviously the big pro is that it saved my life ... (Patient 004, eculizumab and ravulizumab)"

However, while the majority of our sample did not experience decreased symptom control over the course of the treatment cycle, some patients in our concept elicitation sample and the ethnography sample struggled with treatment that seemed to lose efficacy (i.e., symptom control) prior to the next dose. Patient 001 noted that she experienced PNH symptoms, including fatigue, 2--3 days before her next eculizumab dose and about 2 weeks before her next ravulizumab dose. Patient 006 also reported fatigue prior to treatment: "Yeah. I'd say two days really and generally the day before I feel really, really, really exhausted and maybe it's wearing off. (Patient 006, eculizumab)"

In contrast, many patients said they felt completely "normal" on eculizumab and ravulizumab, and Patient 004 reported feeling less fatigued on ravulizumab compared with eculizumab.

### Treatment Side Effects {#S0003-S2004-S3006}

For some patients, side effects occurred with only their first dose of treatment, while a few patients in both our concept elicitation sample and the ethnography sample experienced side effects following each treatment. Other patients noted that they were grateful that they did not experience any side effects from PNH treatment. "The side effects, when I have the treatment, about 15 minutes into the treatment, I suddenly get incredibly tired and my body is just overwhelmed and exhausted, just wiped out, completely wiped out. (Patient 002, eculizumab)""Fortunately I've been very lucky. I haven't had any bad effects with either of the drugs. (Patient 003, eculizumab and ravulizumab)"

Development of the Draft Preference Questionnaire {#S0003-S2005}
-------------------------------------------------

An initial list of 88 patient preference questionnaire items was drafted by the study team to reflect the 6 key themes. Through an iterative process of team discussions, item reduction, and item revisions, 15 items were selected for the draft questionnaire. These items underwent translatability review and revisions, as necessary, to produce Draft Version 1.0 of the PNH-PPQ.

Cognitive Debriefing of the Draft Preference Questionnaire {#S0003-S2006}
----------------------------------------------------------

Two team members completed cognitive debriefing interviews with 5 PNH patients from the concept elicitation sample. Cognitive interviews occurred in an iterative fashion, whereby we analyzed data following each interview and made changes to the questionnaire, as necessary. As such, Draft Version 1.0 underwent cognitive debriefing with 3 patients, revision, and then further debriefing as Draft Version 2.0 with 2 additional patients.

Across the 5 cognitive debriefing interviews, responses were unanimous regarding the following: questionnaire instructions were clear; response options made sense; response options were easy to use; and response options provided enough choices. In response to the cognitive debriefing question, "Do these questions, in your opinion, capture the factors that inform your preferences for PNH treatment?" All patient participants (n=5) said yes. Thus, overall, patients supported the content validity of the questionnaire.

Nearly every item was endorsed as relevant by 100% (n=5) of participants, with the exception of 5 items that referenced side effects or treatment experiences some had not experienced (e.g., nausea). Nonetheless, patients often noted that other PNH patients would likely find those questions relevant. For all but three items on the questionnaire, 100% of patients indicated that the meaning of the question was clear. One patient thought the question, "Which medication did you prefer based on convenience of receiving treatment?" was unclear; she thought about travel for treatment but was not sure if that was the intended meaning of the question. One patient was not sure if the question, "Which medication did you prefer based on pain related to the infusion?" was asking about immediate pain from infusion or about pain due to other side effects. One patient thought the meaning of the item, "Which medication did you prefer based on the effectiveness of the medication until the next infusion?" was somewhat unclear. No additional changes were deemed necessary after the final 2 cognitive interviews. However, the study team made additional revisions to the questionnaire to ensure consistency in item wording and removed 4 questions due to concerns about compliance with adverse event reporting.

Final Questionnaire {#S0003-S2007}
-------------------

The questionnaire contains 11 questions and includes 1 overall preference question, 1 question evaluating preference for eculizumab or ravulizumab according to 9 treatment characteristics ("Controlling fatigue,\" "Frequency of infusions,\" etc.) including 1 write-in option, 1 question asking patients to indicate which treatment characteristic was most important for their overall medication preference, 4 questions evaluating aspects of treatment with eculizumab, and 4 questions evaluating those same aspects of treatment with ravulizumab. [Table 4](#T0004){ref-type="table"} illustrates how the final questionnaire content supports the 6 themes from the patient concept elicitation interviews.Table 4Final Questionnaire Content as It Relates to Themes from Concept Elicitation InterviewsDomainItemDisease symptomsWhich medication did you prefer based on ... controlling fatigue (2A)^a^Which medication did you prefer based on ... controlling symptoms other than fatigue (2B)(Drug name) was effective in treating symptoms of PNH (6,10)Quality of life impact of treatment or diseaseWhich medication did you prefer based on ... your overall quality of life (2I)While I was receiving treatments with (drug name) I was able to enjoy life (7,11)Treatment burdenWhich medication did you prefer based on ... convenience of receiving treatment (2E)Which medication did you prefer based on ... being able to plan activities (2F)Which medication did you prefer based on ... anxiety related to the infusion (2H)Treatment frequencyWhich medication did you prefer based on ... frequency of infusions (2C)The frequency of infusions with (drug name) disrupted my life (4,8)Treatment efficacyWhich medication did you prefer based on ... effectiveness of the medication until the next infusion (2G)Treatment side effectsWhich medication did you prefer based on ... side effects of treatment (2D)After receiving infusions with (drug name), I had fatigue (5,9)[^5][^6]

Discussion {#S0004}
==========

Evaluating multiple specific aspects of treatment and using an overall preference question supports current evidence that patients form both types of judgments (multidimensional and summary) when evaluating their satisfaction with medical care.[@CIT0044] Dosing intervals, in particular, have received attention in the patient preference/satisfaction literature. Exploratory research has shown general trends toward preference for less frequent dosing, although there is some variability in these findings depending on population, type of therapy, and the disease and symptoms being treated.[@CIT0030],[@CIT0045]-[@CIT0050] Reducing the frequency of dosing has been shown to improve patient adherence to the treatment plan,[@CIT0051] with no compromise on patient QOL. Thus, evaluating PNH patient preference for eculizumab and ravulizumab and their respective dosing frequencies is important for understanding and improving the PNH patient treatment experience. Moreover, when new drugs are developed that have similar efficacy to existing medications, documenting patient preferences is important for confirming patient benefit from the new medication. Likewise, the number of orphan drugs approved by the FDA has increased greatly in recent years;[@CIT0052] patient input is critical for this drug development process.

The main limitation of the study was sample size, which was constrained largely by the rare nature of PNH.[@CIT0031] Moreover, we were limited in the number of patients for concept elicitation interviews because the optimal participant was one who had experience with both eculizumab and ravulizumab, and ravulizumab was only available through participation in the clinical trial. However, there was consistency among our study participants around the key issues for PNH treatment preferences, which were further confirmed by expert and existing patient ethnography data. As such, we do not believe a larger sample would have changed the measure content. Additionally, we acknowledge that the treatment issues that PNH patients face may vary by country and healthcare system. For example, treatment costs are covered by a national health care system in some countries and patients may not be able to obtain their PNH treatment at home in particular locations. We have tried to include the major concerns facing PNH patients while keeping the response burden minimal. Moreover, by including space for patients to write in factors that impact preference, the questionnaire allows additional factors to be recognized.

Finally, the PNH-PPQ has not yet been psychometrically validated due to the time constraints for developing the questionnaire for implementation in the ALXN1210-PNH-302 trial. However, our confidence in the construct validity of the measure is enhanced by the rigorous nature of the development process, which included a literature review, an international sample of expert clinicians, and an international sample of PNH patients. In addition, the data obtained from the literature and clinician and patient interviews all converged to provide a concordant set of themes with which to build the questionnaire.

The PNH-PPQ represents a patient-centered tool for assessing patient preference between the only two FDA-approved medications for the rare disease PNH as well as the factors influencing those preferences. The measure was developed using a rigorous process consistent with Food and Drug Administration guidelines for the development of PRO instruments[@CIT0053] and reflects patients' priorities and has strong face and content validity for PNH patients. Subsequent to its development, the PNH-PPQ was implemented in a substudy of the ALXN1210-PNH-302 (registered at [[www.clinicaltrials.gov](http://www.clinicaltrials.gov)]{.ul} as NCT03056040) clinical trial to assess patient treatment preferences in a sample of clinical trial patients.[@CIT0054] Understanding what matters most to patients is essential for delivering patient-centered care and may play a particularly significant role in treatment decision-making for rare diseases when more than one treatment exists. The availability of such a tool may be especially important as new orphan drugs are developed and patients with these rare diseases have more than one treatment option to consider.

Conclusions {#S0005}
===========

The final 11-item questionnaire provides a patient-centered approach for evaluating preferences for the treatment of PNH. The value of and attention devoted to the patient perspective, including patient preference, experience, and satisfaction, by payers and healthcare providers, has been increasing over the past two decades.[@CIT0037]--[@CIT0041] Patients with chronic conditions increasingly prefer to be involved in decisions around their care,[@CIT0038] and younger patients, in particular, are seeking more active roles in their medical decision-making and care.[@CIT0040],[@CIT0042] The increased involvement of younger patients is highly salient for PNH, where the median age at diagnosis is 34.[@CIT0043] Therefore, additional insights into their treatment preferences and satisfaction, which can be gained through the PNH-PPQ, are likely to be valuable.

Copyright for the PNH-PPQ questionnaire is held by Alexion Pharmaceuticals, Inc. A copy of the questionnaire can be obtained from the authors upon request. This study was supported by Alexion Pharmaceuticals, Inc (Boston, MA, USA). The involvement of Alexion Pharmaceuticals, Inc. was limited to funding of the study and reviewing the manuscript for scientific accuracy. Alexion Pharmaceuticals, Inc. had no role in the study design; in collection, analysis, and interpretation of the data; in the writing of the report; or in the decision to submit this article for publication. Editorial and submission support were provided by ApotheCom (Yardley, PA, USA).
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[^1]: **Abbreviation:** PNH, paroxysmal nocturnal hemoglobinuria.

[^2]: **Notes:** ^a^Patients could provide more than one concept. ^b^Patients could provide only one concept.

[^3]: **Abbreviation:** PNH, paroxysmal nocturnal hemoglobinuria.

[^4]: **Abbreviations:** PNH, paroxysmal nocturnal hemoglobinuria; QOL, quality of life.

[^5]: **Note:** ^a^Question numbers from the PNH-PPQ are shown in parentheses.

[^6]: **Abbreviation:** PNH, paroxysmal nocturnal hemoglobinuria.
